The special tests of parathyroid function require considerable expenditure of time and materials, and in view of the difficulties in interpreting the results obtained, and with the exception of the electrophoresis of the serum proteins and the cortisone test, they should have no place in the clinical diagnosis of hyperparathyroidism. The laboratory time devoted to them would be better used for the accurate estimation of the serum calcium several times in every patient with renal calculi.
IDIOPATHIC HYPERCALCIURIA
A. HODGKINSON Idiopathic hypercalciuria was first recognised .. idiopathic hypercalciuria" was introduced as a separate entity in 1940 when Flocks by Albright, Henneman, Benedict and Forbes introduced the term "idiopathic high urinary (I953) who observed that the condition has calcium" to describe a syndrome frequently many features in common with hyperparafound in patients with renal stones and thyroidism but they found a normal paracharacterised by a normal serum calcium level, thyroid histology on exploring the neck. These a low serum phosphorus level and an increased authors also showed that the hypercalciuria is urinary excretion of calcium.
The term not due to a mild form of renal tubular acidosis since the urine calcium did not decrease during alkali therapy. Other known causes of hypercalciuria such as vitamin D poisoning, myeloma and sarcoid were also excluded. Since this work was published it has become apparent that idiopathic hypercalciuria is not restricted to patients with renal stones, moreover, the serum phosphorus level is not always low. In a survey carried out by the author (Hodgkinson and Pyrah, 1958) it was concluded that the upper limit of normal urine calcium excretion is about 300 mg. per day in men and 250 mg. per day in women. The distribution curve, however, has a "tail" of apparently normal individuals with exceptionally high calcium values and these individuals have been referred to as "healthy hypercalciurics," by Jackson and Dancaster (1959). In Western countries the incidence of hypercalciuria among patients with renal stone is about 30-35 per cent. Most of these hypercalciurics appear to be of the "idiopathic" type, but it is often difficult to distinguish this condition from hyperparathyroidism. Only two points will be considered here in regard to the differential diagnosis.
Firstly, the hypercalciuria of hyperparathyroidism appears to be due mainly, if not entirely, to the increased level of ultrafiltrable calcium in the blood and not to an increased clearance of calcium (Kleeman, Benstein, Dowling and Maxwell, 1960) . If this view is correct then a patient with marked hypercalciuria and a consistently normal serum calcium level is unlikely to be a case of primary hyperparathyroidism.
IdeaIly, one would identify four normal parathyroid glands at operation before making a firm diagnosis of idiopathic hypercalciuria. This is, of course, impracticable in most cases but two cases will be described where this was possible. In the remaining cases the diagnosis depended mainly on careful and prolonged observation of serum calcium levels after eliminating other possible disorders such as renal tubular acidosis or myelomatosis. In most cases the serum calcium level was determined by the method of Clark and Collip (1925) the range fer 30 fasting normal adults being 9;2 to 10.7 mg. per 100 ml. In some cases the serum calcium was determined using the Eppendorf flame spectrophotometer which gives values approximately 0.5 mg. per 100 ml. lower than the chemical method. This instrument was also used in the determination of ultrafiltrable calcium.
The first of the two cases referred to above is a man aged 50 with an exceptionaIly high urine calcium varying between 500 and 800 mg. per day on normal diet. This marked hypercalciuria has been a consistent finding during the five years that the patient has been under observation. There was nothing in his history of note except for the occurrence of mixed calcium oxalate-calcium phosphate stones in the left kidney in 1953 and 1958, both of which required surgery. No abnormality was found in radiographs of the skeleton and his blood chemistry was normal except for occasional high-normal calcium values of 10.6 and 10.7 mg. per 100 ml. Clearance tests showed good renal function, but the clearances of phosphate and ultrafiltrable calcium were exceptionally high. The urine contained a smaIl quantity of reducing substances, mainly glucose, but the fasting blood sugar and the glucose tolerance were normal. A paper chromatogram of the urinary amino acids was normal. The pH of the urine was about 6.0 and there was no evidence of renal tubular acidosis, the response to ammonium chloride being normal. There was no evidence of myeloma or sarcoid and the blood protein pattern was normal. We did, however, test the patient's response to cortisone, as recommended by Dent (1956) , and this caused a slight increase in both the serum and urine calcium levels. This type of response may occur in hyperparathyroidism; it also occurs in some patients with idiopathic hypercalciuria (Henneman, Benedict, Forbes and Dudley, 1958) . In 1957 an extensive exploration of the neck was carried out and this revealed four parathyroid glands of normal size and normal histology. The possibility of a fifth adenomatous gland must be considered but this seems to be unlikely on several grounds and the patient is now considered to be a bona fide case of idiopathic hypercalciuria.
Despite the heavy urinary loss of calcium which is known to have persisted for at least five years in this patient the plasma alkaline phosphatase has remained normal and there is no evidence of osteomalacia. On a low calcium diet (calcium intake 200 mg. per day) the urinary excretion of calcium was 400 mg. per day and the patient was in marked negative calcium balance. On a normal calcium intake, however, the patient was in calcium balance but the ratio of faecal to urinary calcium, normally about 3 : 1, was found to be 1 : 1.5 and it would appear that the patient is able to maintain calcium balance on an adequate diet by absorbing a higher proportion of the dietary calcium than usual. This conclusion which is supported by the work of others (Jackson and Dancaster, 1959; Harrison, 1959) explains the low incidence of osteomalacia amongst patients with idiopathic hypercalciuria.
The question arises as to whether the increased intestinal absorption of calcium is a primary phenomenon as suggested by Henneman et al., (1958) or a compensatory mechanism as concluded by Jackson and Dancaster (1959) . If it is a primary phenomenon then calcium excretion would be expected to decrease markedly on a low calcium diet. Urine calcium was measured on a low calcium intake (150 mg. per day) in 15 patients with idiopathic hypercalciuria and a decrease was observed in each case. In only three cases, however, did calcium excretion fall to within normal limits, that is, to less than 175 mg. per day; in these cases the hypercalciuria appears to be due primarily to an increased intestinal absorption of calcium. In the remaining 12 cases the urine calcium remained elevated on the low calcium diet and in these cases there appears to be a primary renal loss of calcium. Such a possibility was first suggested by Albright et al. (l953) and at this point it is appropriate to mention the second of the two cases referred to earlier.
This patient is a woman aged 48 with bilateral renal calculi. Repeated tests between 1950 and 1955 showed some suspiciously high serum calcium values with occasional values above 11.0 mg. per 100 ml, The serum phosphate level was normal and there was a moderate hypercalciuria, the urine calcium varying between 200 and 300 mg. per day on normal diet and averaging 170 mg. on a low calcium diet (intake 150 mg. per day). There was some impairment of renal function (urea clearance, 40 per cent of normal) but there was no evidence of myeloma, sarcoid, or renal tubular acidosis. Hyperparathyroidism was suspected and a neck exploration was carried out in May, 1955 . A number of nodules were removed and these were found to contain normal parathyroid tissue.
Post-operatively the serum calcium fell to 7.0 mg. per 100 ml., and the patient showed the usual signs of hypocalcaemia. The interesting 54 point in this case was that the urine calcium did not fall to zero or near-zero levels as would be anticipated but remained at 150-200 mg. per day.
Hypocalcaemic hypercalciuria is frequently observed during the treatment of hypoparathyroid patients with calciferol or AT 10 (Howard and Connor, 1954) but the present patient was not receiving vitamin 0 at the time of observation and it was concluded that the patient had idiopathic hypercalciuria of the lowered renal threshold type (Hodgkinson and McCraken, 1959) . Other cases of this type have been described by Albright and Reifenstein (1948) and more recently by Symon and Bett (l959) in Aberdeen but in these cases the phenomenon was observed in idiopathic hypoparathyroidism. More direct evidence of a lowered renal threshold for calcium can be obtained by measuring the clearance of ultrafiltrable calcium, and preliminary studies indicate that the calcium clearance is in fact raised in many patients with idiopathic hypercalciuria. For example, in the first patient described above, the average clearance of ultrafiltrable calcium was 8.0 ml, per min. compared with a normal value of 2.0 to 3.0 ml, per min. Albright et al. (1953) suggested that the initial event in idiopathic hypercalciuria is a Staphylococcus albus pyelonephritis which causes renal tubular damage, and a diminished tubular reabsorption of calcium. No consistent evidence of pyelonephritis, past or present could be found in our patients however and this has been the experience of others (Jesserer, 1957; Klotz, Tutin and Robel. 1958 ). The nature of the primary defect or event remains obscure and the possibility of an inborn error has not been ruled out.
In regard to the mechanism of the increased calcium clearance, two possibilities have been considered in the present study (1) impairment of an active tubular reabsorption of calcium, (2) the presence of increased quantities of complexed calcium in the blood. Evidence for an active tubular transport of calcium in the dog was presented by Chen and Neuman (l955) who observed a marked increase in calcium excretion following the intravenous injection of various metabolic inhibitors such as phloridzin, dinitrophenol and para-aminohippurate (PAH). Sodium and potassium excretion was relatively unaffected and these authors concluded that the agents used inhibited an active transport mechanism for calcium.
It seemed possible that a similar mechanism might exist in man and we have examined the effect of PAH administered intravenously at " Tm " levels (Chasis et aI., 1945) . In subjects with a normal daily excretion of calcium the PAH infusion resulted in an increase of 2.0 to 2.5 times in the clearance of ultrafiltrable calcium. The clearance of phosphate was also markedly increased and to a lesser extent the clearance of potassium but the clearances of inulin and urea were unaffected.
In subjects with idiopathic hypercalciuria however, PAH had little or no effect on the calcium clearance. We concluded that there is an active tubular transport of calcium in man as well as the dog and that this mechanism is impaired in at least some cases of idiopathic hypercalciuria.
In regard to the second possible cause of a raised calcium clearance, it is generally assumed that the calcium reabsorbed in the renal tubules is in ionic form and that poorly ionised calcium is reabsorbed less readily. As evidence of this, intravenous injections of chelating compounds such as ethylene-diamine tetra-acetic acid (E.D.T.A.) cause a marked increase in urinary calcium in both animals and man. The possibility was considered that at least some cases of idiopathic hypercalciuria are due to the presence of increased amounts of filtrable complexed calcium in the blood. Of the calcium in blood, about 0.5 mg. per loo'ml. is normally present in a filtrable complexed form, mainly in the form of a calcium citrate complex.
The range of fasting blood citrate levels in 23 normal adults was found to be 1.7 to 2.9 mg. per 100 ml. (mean, 2.6 mg. per 100 mI.). Nine patients with renal calculus and a normal urinary excretion of calcium had fasting blood citrate levels ranging from 1.5 to 3.0 mg. per 100 mI. (mean, 2.4 mg. per 100 rnl.) while the range in 14 patients with idiopathic hypercalciuria was 1.5 to 3.1 mg. per 100 mI. (mean, 2.4 mg. per 100 ml.), Two patients in the last group had values slightly above the normal range, but it is questionable whether this rise is significant. If however, complexed calcium is completely unabsorbed by the renal tubules, a rise of 0.1 mg. per 100 ml. in the filtrable complexed fraction in blood would cause an increase in urine calcium of about 150 mg. per day. A hypercalciuria of 500 mg. per day would, on this reasoning, require an increase of only 0.2 mg. per 100 ml. in the blood complexed calcium.
An alternative approach, was therefore made, namely, the measurement of urinary calcium following an intravenous injection of citric acid. Rose (1959) has shown that there is a significant increase in calcium excretion following the rapid intravenous infusion of sodium citrate and we have confirmed this.
We observed, however, that citrate infusion also caused a marked rise in phosphate excretion. Moreover, L-sodium malate, which has a lower affinity for calcium than does citrate, had a quantitatively similar effect in raising calcium and phosphate excretion. L-malate also increased the excretion of magnesium, sodium, potassium and creatinine while succinate caused a decrease in the excretion of all the urinary constituents mentioned above.
These preliminary experiments suggest that citrate infusion may increase calcium excretion by mechanisms other than the formation of a calcium complex, for example, by altering the renal haemodynamics or by inhibiting active tubular transport.
Conclusions.
We have concluded from these studies that patients with idiopathic hypercalciuria are a heterogeneous group. In a small proportion the primary defect appears to be an excessive intestinal absorption of calcium. In others the defect appears to be an impaired tubular transport of calcium. Still others may be due to abnormal complexing of calcium in the blood, but the evidence for this is still inconclusive.
In regard to the treatment of idiopathic hypercalciuria, some authors have recommended a restriction of dietary calcium or the ingestion of sodium phytate in order to reduce the intestinal absorption of calcium (Henneman et al 1958) . This approach may be of value in those cases where the hypercalciuria is due to excessive intestinal absorption of calcium but in the majority of cases it would be expected to cause the demineralisation of bone and osteomalacia.
In the authors opinion therapy in the majority of cases should be directed towards reducing the renal loss of calcium.
At the present time enzyme activities are expressed in many widely varying terms and the comparison of the activity of two enzymes or of two methods for the same enzyme is often difficult or even impossible. In an attempt to overcome this confusion the Clinical Enzyme Sub-Commission of the International Union of Biochemistry and the Biological Section of the International Union of Pure and Applied Chemistry has agreed to encourage the expression of all activities in terms of micro moles of substrate transformed per minute, i.e., International Units. Concentrations are best expressed in units per litre or units per millilitre depending on which gives the more convenient figure for the particular enzyme.
The choice of enzyme units has usually been on a purely arbitrary basis, a common convention being the definition of units in terms of mg. of product. But as the substrate, buffer, pH, temperature and length of incubation may vary for anyone enzyme a confused state of affairs has arisen. For example phenyl phosphate and beta-glycerophosphate are probably the two most widely used substrates for acid and alkaline phosphatase determinations. For alkaline phosphatase the results may be expressed in King-Armstrong unitsmg. phenol per 15 min., or Bodansky unitsmg. phosphate (as P) per hour. For acid phosphatase the incubation time for both substrates is one hour, but again the King-Armstrong units are mg. phenol per hour and the Bodansky units mg. phosphate per hour.
By expressing all enzyme activities in terms of micro moles of substrate utilized, or of product formed, the relative rates at which enzymes react with different substrates can be compared directly.
Aldolase is an example of an enzyme in which there are two ways of defining the units although both methods of estimation use fructose-1 :6-diphosphate as substrate. In one the units are in terms of substrate destroyed, and in the other in terms of products formed. Sibley and Lehninger (1949) used the Warburg system for expressing activity, namely in terms of volumes of gas liberated or utilized during the reaction.
The gram
